Objective: Cardiovascular disease accounts for over 50% of deaths in patients with end-stage renal disease (ESRD). After acute myocardial infarction (AMI), hospital mortality exceeds 25%, and survival beyond 2 years is !20% for patients with ERSD. The role of coronary artery bypass grating (CABG) in the setting of an AMI in patients with ESRD remains undefined. Methods: Three hundred and forty-two patients had preoperative ESRD (serum creatinine O2.0 mg/dl or dialysis dependence) between 1995 and 2000. One hundred and nineteen patients had an AMI (!7 days) and 223 patients had a remote myocardial infarction (RMI) (O7 days) at the time of CABG. The study group, AMI, was compared to the RMI group, which served as a comparison group. Results: The age (69 vs. 67 years), males (68 vs. 67%), creatinine (3.18 vs. 3.76 mg/dl, PZ0.06), and preoperative dialysis (19 vs. 22%, PZ0.52) were similar in either the AMI or RMI group, respectively. The frequency of diabetes, hypertension, dyslipidemia, previous myocardial infarction were common, yet not different between groups (PZNS). For either AMI or RMI group, multivessel CABG (96 vs. 94%, PZ0.73), off-pump CABG (OPCAB) (22 vs. 18%, PZ0.67), and arterial conduits (71 vs. 78%, PZ0.42) were similar. Among postoperative events, only pulmonary complications (33.8 vs. 14.7%, PZ0.049) and atrial fibrillation (48 vs. 29%, P!0.001) were more common in the AMI group. Hospital mortality was no different between the AMI and RMI groups (10 vs. 8.5%, PZ0.88). Conclusions: Although patients with ESRD that have an AMI or RMI represent high risk groups, perioperative outcomes suggest that patients selected for CABG as an early treatment strategy in the setting of an AMI represents a viable therapeutic option. q
Introduction
Chronic kidney disease (CKD) or end-stage renal disease (ESRD) is a worldwide public health problem. In the US, there are more than 300,000 patients receiving some form of renal replacement therapy [1, 2] . There is an even higher prevalence of people with early stages of CKD, with estimates affecting 10.8% of the US population [1] . With the increasing age of the population and associated prevalence of diabetes in patients with ESRD, it is estimated that over 650,000 patients will require renal replacement therapy by 2010 [1, 2] . Unfortunately, although the mortality rate for patients with ESRD on the first year of dialysis has declined, it is still 19% per year [2, 3] . Cardiac disease, and in particular cardiovascular disease (CVD) or ischemic heart disease (IHD) account for 44-50% of all cause related death in patients with ESRD [1] [2] [3] [4] .
The mortality due cardiovascular disease is 10-30 times higher in dialysis patients than in the general population [1] . Of significance, is that up to 25% of cardiac death is related to acute myocardial infarction (AMI) [2] [3] [4] . After an AMI, the in-hospital mortality for all patients with ESRD exceeds 26%, and is 60% at 1 year, and fewer than 10% are alive at 5 years [4] . These mortality rates are worse for older patients and those with diabetes that are receiving dialysis [4] .
Despite advances in early reperfusion strategies, including thrombolytics and percutaneous interventions (PCI), the hospital and short or long-term outcomes in patients with ESRD after an AMI, remain dismal [1, [4] [5] [6] [7] . Although more patients with ESRD or dialysis are being referred for coronary artery bypass grafting (CABG) due to the potential long-term survival advantage over medical or PCI therapy [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] ] the role of CABG as an early revascularization strategy in the setting of an AMI remains undefined. We reviewed our experience with CABG in patients with ESRD after an AMI to determine if this is a viable therapeutic option.
Material and methods
Between 1995 and 2000, 10,291 consecutive patients underwent isolated CABG at the Washington hospital center (WHC). Of these, 342 (3.3%) patients had chronic renal disease or ESRD defined in accordance to The Society of Thoracic Surgeons (STS) as serum creatinine (Cr) O 2.0 mg/dl or dialysis dependence. There were 119 (35%) patients who had an AMI (!7 days) and 223 (65%) patients who had a remote myocardial infarction (RMI) (O7 days) at the time of CABG.
All data was prospectively collected and captured through the WHC cardiac surgery database. However, patient inclusion was non-randomized, and analysis was retrospective. Patient inclusion was based on referral for CABG and deemed an operable candidate by the operating surgeon. The AMI, or study group, was compared to the RMI group, which served as a comparative group for the same period. Analysis was performed on group demographics, clinical variables, operative data, and hospital outcomes.
Operative technique was uniform for all surgeons, although the choice for off-pump (OPCAB) was based on the individual surgeon. All participating surgeons were experienced in OPCAB techniques. For patients undergoing conventional CABG, mean arterial pressure was maintained O70 mmHg, the temperature was allowed to drift, but not below 32 8C, and a hemoconcentrator was used in the cardiopulmonary bypass (CPB) circuit for dialysis patients. For the OPCAB technique, a vessel stabilizer, usually suction type was used, and vessel loops (not circumferential), and not occluders controlled coronary blood flow. An apical suction device was used as a heart positioner. Postoperatively, the renal service was an active participant in the management of all patients.
Statistical analysis was performed by chi-square for categorical variables, and continuous variables were by Student t test. All differences with a two-tailed P value !0.05 were considered statistically significant.
The WHC Cardiac Surgery Research Committee under the Director of Cardiac Surgery, and the Executive Director of Washington Heart approved this study. No author has any financial disclosures.
Results
The patient characteristics and demographics are profiled in Table 1 . For either the AMI or RMI group, over 70% of patients were between 61 and 99 years old. In each group, there were equal distributions of non-dialysis dependent and dialysis dependent ESRD. There was a high prevalence of diabetes, hypertension, and elevated cholesterol (dyslipidemia) in all patients. Nearly 25% of patients had a component of heart failure, and about 30% of all patients had a history of prior myocardial infarction.
The comparative operative data is listed in Table 2 . Only 4% in the AMI group and 6% in the RMI group (PZ0.73) received a single bypass. Therefore, multivessel coronary artery disease was prevalent in all patients, and in the AMI 86% and in the RMI 72% received three to five grafts. Arterial conduits, mostly utilizing an in situ left internal mammary artery to the left anterior descending artery, constituted over 70% of all grafts. Saphenous vein grafts were used preferentially at other vessel sites. Intraoperative complications were low, although about 10% of all patients had an intraoperative intraaortic balloon pump (IABP) placed.
The postoperative events, and hospital outcomes, and perioperative mortality are detailed in Table 3 . In general, although intensive care unit (ICU) and hospital stay did not differ between groups, the duration of care was more prolonged than the typical non-ESRD patient. New dialysis requirement occurred only in four patients with an AMI, and in only eight patients with a RMI (PZ1). New onset renal insufficiency, defined as a O50% rise above baseline serum creatinine was no different in either group (PZ0.086). The incidence of new myocardial infarction, cerebrovascular accident, or reoperation for bleeding was low. However, composite pulmonary events (ventilation O48 h, tracheostomy, pneumonia) were significantly higher in the AMI group vs. the RMI group (33.8 vs. 14.7%, PZ0.049). Most of this difference was attributed to the development of pneumonias. Also, the frequency of atrial fibrillation was nearly doubled in the AMI vs. the RMI group (48 vs. 29%, P!0.001). The 30 day, or in-hospital mortality was 10% in the AMI group and 8.5% in the RMI group (PZ0.88).
Conclusions
Both in the US and in Europe, the incidence and prevalence of ESRD or failure is rising, with poor outcomes and high cost [1, 2] . For all stages of progressive ESRD, cardiovascular problems are the most important cause of death, and account for over 50% mortality among these patients [1] [2] [3] [4] . Over 20% of cardiac causes of death are from myocardial infarction [1] [2] [3] [4] . The in-hospital survival outcome in patients with ESRD after an AMI, is extremely dismal at over 25%, and is worse for older patients and in patients with diabetes [4] . This finding is similar to the highmortality rate seen in Europe, with mortality after myocardial infarction being 16-19 times as high among patients with renal failure as in the general population [2] . What also is worrisome, is that this poor survival persists after myocardial infarction, even in the era of aggressive reperfusion strategies, with mortality at 59% at 1 year, 73% at 2 years, and 90% at 5 years [1, 4] . A treatment strategy that has been demonstrated to have a 13% risk reduction of death after myocardial infarction, and reduced subsequent death after revascularization in patients with ESRD or dialysis is CABG [4, 5, 7, 12, 15] . However, the role of CABG as an early treatment option after AMI in patients with ESRD remains undefined.
As demonstrated in this study, patients with ESRD and myocardial infarction who had subsequent CABG have significant CVD risk factors, including older age, diabetes, hypertension, previous myocardial infarction and multivessel coronary artery disease. This risk profile is similar to other data that showed at angiography or after acute coronary syndromes, patients with ESRD were found to have a high prevalence of significant coronary artery disease (at least one vessel O50% lumina narrowing), a high number of patients with multivessel coronary artery disease, previous myocardial infarctions, and heart failure [1, 3, [5] [6] [7] [8] [9] . Moreover, in our study, the degree of ESRD was quite profound in either the AMI or RMI group with estimated creatinine clearance (CrCl) being 21.7 and 18.9 ml/min, respectively. Historically, patients with this degree of ESRD and coexisting clinical characteristics typically have had an early and long-term survival benefit from surgical revascularization [11] [12] [13] [14] [15] [16] . This treatment benefit is in contrast to the poor results after medical therapy or percutaneous intervention for acute coronary syndromes and myocardial infarction for patients at all stages of ESRD [4] [5] [6] [7] [8] [9] .
Although there have been documentation that supports an advantage of early percutaneous intervention in ACS in patients with ESRD, especially compared to medical therapy, the long-term durability of these procedures remains questionable. After percutaneous therapy, there are high incidences of post procedure acute renal failure [5, 8, 9] , and major adverse events including myocardial infarction and emergent CABG and death [8] . While current debulking or stent strategies seem to improve target vessel lesion procedural success rate (at 89%), there is a high early and midterm recurrence of symptoms (freedom only 55% at 1 year) [8] , increased need for repeat revascularization (reintervention), greater number of repeat hospitalizations, earlier time to subsequent surgical revascularization, and an increased need for subsequent CABG at a rate of 20% at 2 years and 25% at 5 years [5, [7] [8] [9] .
As a result, more patients with symptomatic ischemic coronary disease and ESRD or dialysis are being referred for CABG, based on the data that suggest better long-term survival over medical therapy or percutaneous interventions [5, 7, [11] [12] [13] [14] [15] [16] . Although patients with ESRD are higher risk, and operative mortality for cardiac operations, not in the setting of an AMI, ranges between 6 and13%, the durability of the operation in terms of symptom control (freedom from angina), quality of life, and survival compare favorably to other treatment options and parallels the survival of dialysis patients without CVD [1, [11] [12] [13] [14] [15] [16] . For patients with acute coronary syndromes or after AMI, CABG, therefore, may be the only potential viable therapeutic option for these patients [5] [6] [7] . For patients with ESRD who sustained an AMI or RMI, as demonstrated in this report, the early hospital outcome and mortality (10%) in the setting of AMI after CABG compares favorably to elective cardiac operation in similar groups of patients (6-13%) [10] [11] [12] [13] [14] [15] [16] or after PCI for ACS in patients with ESRD [4] [5] [6] [7] , and is profoundly less than the 26% hospital mortality for conventional therapy after AMI [4] . From our analysis, an early surgical revascularization strategy for selected patients after AMI seems to be a prudent and viable treatment strategy, given the high in-hospital mortality of 26%, and dismal 1 (40%) and 5 year (10%) survivals for conventional management strategies. We firmly believe, especially based on the pattern of atheroma and coexistence of diabetes in patients with ESRD, liberal use of the internal mammary artery to the left anterior descending artery is an important factor for early survival, and perhaps long-term quality of life and relative survival benefit in these patients [17] .
Whether off-pump coronary bypass grafting (OPCAB) allows for a safer outcome compared to conventional CABG for these high-risk groups, cannot be completely answered from our study. In either AMI or RMI groups who had an OPCAB, the hospital mortality was similar to the conventional CABG groups (10 vs. 11.5% in the AMI group or 8.5 vs. 4.9% in the RMI group). Perioperative events, including pulmonary complications and atrial fibrillation were equally high, although there was a trend toward shorter ICU and hospital stays in the OPCAB patients. In the OPCAB group, for either an AMI or RMI, nearly 20% received a single bypass compared to only 4% with standard bypass grafting. Other groups [10, 18, 19] , including ours [20] , have reported the potential benefits of OPCAB in patients with nondialysis dependent renal failure or dialysis dependence with regard to postoperative events and mortality, and potential renal protective effects of OPCAB techniques in the setting of non-AMI or elective CABG. In our current study, certain postoperative events, especially those involving pulmonary complications and atrial fibrillation are frequent with either technique, yet more prevalent in the AMI group. This likely is more reflective of the urgency nature of the case, and less optimization in terms of fluid and electrolyte balance, and renal management prior to the operation in the AMI group. Regardless, for patients with ESRD and dialysis, the 5-year survival even after a cardiac operation is only between 35 and 55%; [14] [15] [16] thus, emphasizing the relentless and progressive natural disease course of renal failure.
The number of patients with chronic kidney disease are becoming prevalent, and even in the continuum of ESRD, patients with only mild reduction of renal function, a decreased GFR or creatinine clearance, have an independent risk factor for cardiovascular disease. Because of the high incidence of coexisting CVD risks factors in patients with ESRD, such as age, hypertension, and diabetes, the likely hood of atherosclerosis to develop early on or at young ages is quite high. This is supported by the high incidences of myocardial infarction after the institution of dialysis [1, 4] and by prevalence of coronary calcifications in asymptomatic young patients (19G7 years) undergoing dialysis [21] . It would seem prudent, that for this high risk population aggressive screening strategies targeting early diagnosis of CVD should be performed, so that appropriate medical therapy or surgical intervention can be instituted in a timely manner, since once symptoms are manifested by an acute coronary syndrome or myocardial infarction, longterm survival is poor. If proven successful treatment strategies like CABG could be offered before an AMI in patients with documented objective evidence (myocardial stress imaging or cardiac magnetic resonance) of obstructive coronary artery disease, perhaps risk reduction strategies and therapy could also be added to improve long-term quality and survival in patients with ESRD.
